chromosomes fail to pair, heterozygotes occasionally gave homozygous fatuoids with 2oII+a small univalent.
For the first phenomenon it was suggested that the different fertility of the heterozygous fatuoid might be caused by the elimination of 40-chromosome zygotes during the early development of the embryo. For the second it was assumed that an occasional homozygous fatuoid might have normal 20 bivalents and a fragment of the c-chromosome which carried a gene or genes for the normal synapsis of meiotic chromosomes but no genes for cultivated characters.
In the present study these assumptions appear to be fairly determined as correct. On the origin of fatuoid oats in the I-series two different interpretations, the mutation and chromosome aberration hypothesis, are now offered, although almost the same genetic results have been obtained by t) Contributions from the Laboratory of Genetics, Biological Institute, Kyoto Imperial University, No. 27.
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investigators. Heterozygous fatuoids are 'represented by the abc chromosomal formula abc in the mutation hypothesis and by be in the aberration hypothesis. On the further criticism of this problem, therefore , it is very important to analyse sufficiently the genetic and cytological nature of the b-and c-chromosome which is considered to bear a gene or genes for the fatuoid and cultivated characters respectively . But most of the earlier authors could not detect distinct difference in the nature of the b-and c-chromosome, excepting, of course , the genetic character which determines the fatuoid complex.
In the further study of the karyo-genetics in heterozygous fatuoids with 41 chromosomes, I have succeeded in finding a special characteristic of the c-chromosome for the regulation of the synaptic mating of homologous chromosomes which is never borne by the other chromosomes of fatuoid oats. The writer believes that the present investigations are able to give also a most substantial evidence for the mutation hypothesis of the origin of ordinary fatuoids. Details of the further cyto-genetic study on fatuoids of the type b in the II-series is the subject of this article . Fig. 3 ) in a ratio of a few I + : I. As suggested by the meiotic behavior of chromosomes, it was clearly observed that normal segregates had almost complete fertility but homozygous fatuoids did not give even a single kernel so far as examined. The fertility of heterozygous fatuoids varied widely under different conditions (42.76-83.8o% fertility) . It is not yet known what causes such a wide variation in fertility . However, it can be assumed readily that such high sterility may modify the segregation ratio of Table I . Segregation of heterozygous fatuoids showing different fertility') .
heterozygous fatuoids. With this expectation the progeny of heterozygous fatuoids given in Table 8 in my preceding study (NISHIYAMA 1931) was raised in 1931.
The results are illustrated in Table I , and those obtained in 1930 (Table 5 NISHIYAMA 1931) will be added here for purposes ofcomparison.
From this table it can be seen that a few normal segregates are always obtained in about the same frequency, but the number of heterozygous fatuoids are gradually diminished, correlating with the increase of the fertility of the parents, whereas, on the contrary, homozygous fatuoids are produced more abundantly.
These results may give evidence supporting my assumption that the sterility of the heterozygous fatuoid is mainly due to the death of homozygous fatuoids having 4o chromosomes.
We shall further mathematically examine these segregation ratios. For this purpose we must take the following two assumptions as stated in the previous paper (pp. 82-83 NISHIYAMA 1931) : (1) NISHIYAMA (1928) obtained 20-and 21-chromosome egg cells in ea. a 3:1 ratio in two wheats with 41 chromosomes (2onn+g and 2011+0, and the ratio of fertilized pollens having 20 and 21 chromosomes was ca. I:8 in the former and ca. 1:2 in the latter. If two kinds of pollen are formed in the same frequency as in the egg cell the proportions between fertilized pollens with 20 and 21 chromosomes are 1:24 and 1:6 in wheats with toll+g and 2011+f respectively. In the present case the competition was not so remarkable but might occur in some degree and did so especially in 1931. Counting pollen grains I obtained good pollens, as many as 98.09%, in the heterozygous fatuoid. Accordingly no selective abortion of pollen grains was observed practically.
Some segregates shown in brackets in Table 1 belong to their types as regards the fatuoid characters. They, however, differ in the chromosome combination and in other points from the fatuoid characters of the usual three phenotypic segregates. On these plants a detailed description will be given in the following:-1). Homozygous fatuoids with 20,1 + sI1) (Pl. X, Fig. 5 ) : I already found a few of homozygous fatuoids with 2011+ a small univalent, and suggested that this small univalent might be a fragment of the c-chromosome, sl (p. 81 NISHIYAMA 1931)2). As shown in Table 1 such homozygous fatuoids are occasionally found in further investigations, ca. 1.08%. These plants are dwarf but somewhat more vigorous than those with 40 unpaired chromosomes (2n-2c). The kernel production of these plants was illustrated in the previous work, being 3.41% fertility on an average (Table II NISHIYAMA 1931) . Further observations made on their progeny with the same chromosome combination fairly confirmed their low fertility. The result is indicated in Table 3. i) The longer segment of the c-chromosome will be called SL and the shorter one s2, which were named fcl and fc--respectively in the preceding publication (NISHIYAMA 1931) .
2) This supposition is experimentally proved to be correct (see pp. 1r3-115). II). Homozygous fatuoid with 2011+sisi (Pl. X, Fig. 6 ) : In 1932 a homozygous fatuoid with 2011+s1 gave 4 individuals, but 2 plants were dead. The other two were cytologically studied. One plant had 40 unpaired chromosomes and the other 2011+sisi (Fig. 1 ). In the heterotypic metaphase two s1-fragmentary chromosomes conjugate at one end with each other but often separate into two univalents (Fig. 2) . The Table  3 . Fertility of homozygous fatuoids with 2Oii+si
in self-pollination All figures were drawn from aceto-carmine preparations.
x ca. 1330.
plant shows a very similar appearance to homozygous fatuoids with 201 +si and also is highly sterile by selfing, giving 44 kernels from 588 florets of 4 panicles examined, ca. 7.48%.
It is, therefore, almost impossible to identify them morphologically.
III). Heterozygous fatuoids with 40, +S2 (P1. X, Fig. 7 ) : In 1931
there were found a few of heterozygous fatuoids which were semi-dwarf and completely or highly sterile (Table 4) . IV). Heterozygous fatuoid with 20[1+csl (Pl. X, Fig. 4 ): 21 florets of a homozygous fatu:)id with 2011+51 were crossed with pollens of normal plants (2011+cc). I I kernels were obtained and they gave 9 matured plants. All of them grew vigorously and showed a heterotypic appearance as for the fatuoid characters. The chromosome number of these 8 plants was counted. 7 plants had 2011+c and only one 2011+cs1. In the latter All fi.,ures were drawn from aceto-carminz preparations.
X ca. 1200.
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a pair of heteromorphic chromosomes, cs1, is always found. However, they often fail to conjugate, resulting in two univalents. One, c, is clearly larger than the other, s1, (Figs. 9-12).
s1 was found to be as long as the longer arm of the c-chromosome, and both of them had a submedian attachment to spindle fibers (Nisx1-YAMA 1931). The cytological study also indicates that st and s2 which are individually found in different segregates from heterozygous fatuoids with 2011+c, always appear to have a characteristic shape and size, and exceptional plants with them invariably represent definite morphological characteristics caused by the presence of the fragmentary chromosome. In the heterotypic telophase of heterozygous fatuoids, I sometimes observed two fragments of the c-chromosome which always broke at the point of the fiber attachment (NlsHIYAMA 1931) . From these results it may prove that the breakage always occured at the same point, probably at constriction of the c-chromosome.
c and si appear to associate with each other at the end of their longer arms in the heterotypic metaphase. It further gives a significant evidence for that s1 originates from the longer arm of the c-chromosome . And it is also evident that si has submediately a new attachment to the spindle fiber, being somewhat near its broken end .
The new development of an attachment constriction in a fragment was often observed by NAWASCHIN in Crepis (1926) , and by DARLINGTON in Tradescantiae and Fritillaria (1929 and .
The longer arm of s1 was previously observed to be about equally long to the shorter arm of the c-chromosome (NlsHIYAMA 1931) . But, from the present study it can be seen that it is a mere coincidence and has no significance on the origin of si.
V). Plant with 40 chromosomes+2s2: Such a plant theoretically may be obtained but has not yet been observed . If the plant is produced it may be normal for the grain characters and usually will lack the synaptic mating of chromosomes. As previously mentioned I found one normal segregate which was semi-dwarf and highly sterile (pp . 68, 81 and 82 NISHI AMA 1931). It seems probable that this plant might have such a chromosome combination as in question.
Besides, some combinations of chromosomes, e.g. 2011+St+S2, 2011+ c+sl+s2 etc. are theoretically possible but they have not been found.
Summarizing the results above given the author has reached the following conclusion as to the correlation between the c-chromosome, and the fatuoid and synaptic character. From this evidence it is clear that the cultivated type of the grain and the character of synapsis usually are linked, but the linkage is broken by fragmentation at constriction of the c-chromosome. The former characters are carried by s2 and the latter by si. From these results the loci of genes under consideration can be represented in the c-chromosome as follows, but their order and the distance between them can not yet be determined (p. io).
Besides the genes for the cultivated type of the grain, S2 may bear some genes concerning the development of the panicle to the normal type (see P1. X, Fig. 7) . Because, if plants have neither c nor s2, the panicles have shortened peduncles and spikelets are densely produced (Pls. IX and X, Figs. 3, 5, and 6). As already stated, plants with exceptional chromosome combinations show a different appearance in other than the fatuoid and cultivated characters, e"-. height of plants, number tively by JONES (1930, 1932 a, b) and NISHIYAMA (1931) (ci representing the c-chromosome mutated in the factors for the cultivated type of the grain). As often mentioned, it is beyond doubt that the cultivated and fatua or fatuoid genes are located in the non-homologous chromosomes, c and b respectively, and these have no affinity to conjugate with each other. Therefore, the cultivated characters are not dominant but epistatic to the fatua or fatuoid characters, as already suggested by JONES (1930) and NISHIYAMA (1931) . Besides the genes for the fatua or fatuoid characters, therefore, A. fatua and fatuoid homozygotes may have a pair of recessive gene complexes for the non-cultivated type of the grain.
In this consideration we wish to discuss further the inheritance of the grain characters of oats reported by SURFACE (1916) who attempted a genetic study on certain characters in A. fatua x saliva var. Kherson. He has analysed the following eight characters of the grains:-
(1) disarticulation of the lower and (2) upper grain, (3) heavy awn on the lower grain, (4) awns on the upper grain, (5) pubescence on the pedicel on the lower, and (6) on the upper grain, (7) pubescence on all sides of the base of the lower grain and (8) pubescence on the base of the upper grain. All these characters, the so-called fatua characters, were observed to be almost completely associated with each other and recessive to the cultivated characters. These characters segregated in a 3: 1 ratio in the F2 progeny. Further he concluded that these eight characters of A. fatua formed a linkage group to which belonged the pubescence of the back of the upper grain. From the present study, however, we mayy explain that his genetic results of the grain characters do not indicate. the linkage of the fatua characters but that of the cultivated characters. If all cultivated genes are completely linked the fatzra or fatuoid charac ters may show a pseudo-linkage, although they are separately carried in different chromosomes. From his genetic results so far, therefore, we can not determine whether the fatua genes have their loci in one and the same chromosome or not. The same misapprehension was often reported by many authors who have attempted the genetic investigation of A. fatua x sativa and of fatuoid oats.
A chromosome or gene concerning the meiotic conjugation of chromosomes has been found in Avena (GOULDEN 1925, HUSKINS 1927 a, b, and NISHIYAMA I93o) , and in Zea (BEADLE and MCCLINTOCK 1928, BEADLE 1930) . In Avena the synaptic conjugation is very much disturbed by the deficiency of a pair of chromosomes which may bear a synaptic gene or genes. Accordingly (2n-2)-plants are always asynaptic and (2n-I)-or 2n-plants are normal as for the meiotic conjugation of chromosomes. As has been mentioned, the present study has shown that a synaptic gene or genes have their loci in the longer arm of the c-chromosome, s1. Therefore, when s1 is present the meiotic conjugation of chromosomes is always normal, but on the contrary, when a pair of s1 fragments is wanting the rneiosis is remarkably abnormal. In Zea ways the failure' of chromosome conjugation is caused by a single Mendelian gene which is probably produced through the mutation of a synaptic gene. The asynaptic character behaves as a monogenic recessive. BLAKESLEE (1928) also found a gene of somewhat similar nature in Datura.
Besides, some cases of non-conjugation of chromosomes have been already reported in hypotetraploids of Primula keze ensis (NEWTON and PELLEW 1929) , in Viola orplzanzdzs (CLAUSEN 1930) , in Arieotzana tabacum var. pzirpzirea (CLAUSEN 1931) and in Amber Sor o (HUSKINs and SMITH)'). It is very surprising that in Uiola the chromosome conjugation fails almost completely in PMC, but normally takes place in EMC (CLAUSEN 1930) . In these cases, however, it appears not yet clearly known what is the cause of asynapsis of chromosomes.
(I) meiotic abnormalities of asynaptic plants in Avcna and Zea i) Cited from HuslINs (1932).
appear to be very similar to (2) those of many sterile intra-and intergeneric hybrids, and (3) those of plants under abnormal circumstances. However, it can readily be seen that among these three cases causes which induce the failure of chromosome conjugation differ greatly.
In the sterile hybrid the chromosome pairing often fails owing to a weak or no synaptic affinity between chromosomes derived from the parents. In the present case the general failure of synapsis is due to the deficiency of the c-chromosome or strictly a chromosome segment sI, in other words, being probably due to the absence of a synaptic gene or genes as in Zea nays. The synaptic conjugation of chromosomes is often disturbed by the influence of environmental conditions, e. g. extremely high or low temperature, under which the meiotic division is going on. Many instances can be given here, i. e. Epilobiunz (MICHAELIS 1926) , Solanum (STOW I927), Liriope (SHIMOTOMAI 1927 ), Lyclinis (TAKAGI 1928 , Lycoris (NISHIYAMA 1928), and Males (HEILBORN 1930) . In (i) and (2) each chromosome has its closely homologous one so that if the cause disturbing the behavior of meiotic chromosomes be removed, the meiotic division is again carried on in a normal manner. At any rate the discovery of a chromosome or a gene controlling the meiotic behavior has great significance in the cytology of hydrids where phylogenetic relation of parents is often represented by the degree of the synaptic affinity.
SUMMARY
The segregation ratio of heterozygous fatuoids with 2011+c, type b in the II-series, is found to be very variable, correlating with their different fertility (Tables I and 2 ). Dwarf homozygous fatuoids having 40 chromosomes (2n-2c), where the synapsis usually fails, are produced in a high proportion with the increase of the fertility of the parents, while, on the contrary, heterozygous fatuoids (2011+c) are found in less frequency. Notwithstanding the variation of fertility normal plants (2oII+cc) (I). A few of homozygous fatuoids are found to have 2oII+si and 20II+s1s1. They are dwarf and highly sterile, looking like those with 40 chromosomes (2n-2c).
(2). The somatic chromosome number of semi-dwarf and highly sterile heterozygous fatuoids is clearly counted to be 40+s2i in which the chromosome conjugation is usually lacking.
(3). A heterozygous fatuoids with 2o11+csi is obtained in the progeny" of homozygous fatuoid (2o,I+sl) x normal plant (2ojI+cc), with those having 2011+C.
From the correlation between the chromosome combination and morphological characters of these plants given above, the author has reached the conclusion that the genes for the cultivated type of the grain are carried in the shorter arm of the c-chromosome, s2i and a gene or genes for the synapsis in its longer arm, s1.
In conclusion, the author wishes to express his sincere acknowledgment to Prof. Dr. H. KIHARA for criticism of this work and many helpl ful suggestions during the course of the present study.
APPENDIX
Recently I had the opportunity to study the cytology of B-and Cseries fatuoids kindly supplied by Prof. Dr. HusKINS. The B-and Cseries were called as Types a and c respectively in the II series by the present author (NISHIYAMA 1931 can always be seen besides 20 normal bivalents (Figs. 15 and j6) . The cytological condition appears to be similar to that in the homozygous fatuoid possesing 2OII+stst stated above (cf. Fig. I 
